Soil moisture is an important component in hydrological cycles but is highly variable in space and time. As a tool for optimal soil and water management and effective field monitoring, the analysis of temporal stability has recently received increasing interest. The scale dependence of temporal stability, however, has received little attention. We measured surface-soil (0-6 cm) moisture at 187 sampling locations in a desert region (40 km 2 ) in northwestern China approximately every two weeks from April to October 2012 with a Theta Probe, for a total of 13 sampling campaigns. We grouped the samples by re-sampling analysis under six sampling spacings and six different sizes of sampling area (extents) to analyse the changes in the characteristics of temporal stability at the various sampling scales and to test the accuracy of the field-mean moisture content estimated by measurements at a limited number of locations at each sampling scale. Increasing the spacing had little influence on the temporal stability of both the overall spatial pattern and the individual locations, whereas increasing the extent tended to increase the temporal stability of the overall spatial pattern but to decrease the temporal stability at the individual locations. The characteristics of temporal stability were susceptible to changes in scale when extent was small. Exponential and power equations could well express the relationships between most of the parameters of temporal stability and sampling scale. The number of identified representative locations (RLs) was influenced by sample size and was more sensitive to changes in sample size caused by extent than by spacing. At all sampling scales, the sets of selected RLs accurately estimated the field mean for the entire study period by using offset estimates, and the estimate accuracy was not affected by sampling scale. Increasing the spacing did not change the influence of topography and soil properties on temporal stability, whereas increasing the extent tended to intensify the influence of relative elevation and soil organic carbon content but to weaken the influence of saturated hydraulic conductivity on temporal stability. This study contributes to our understanding of the dependence of temporal stability of soil moisture in desert ecosystems on sampling scale and will help the integration of information from different spatial scales and the design of optimal sampling sizes and strategies for similar studies.
Introduction
Surface-soil moisture is a key component of the hydrological cycle (Choi and Jacobs, 2007; Heathman et al., 2012) . It plays an active role in controlling the exchange of water and energy between the land surface and the atmosphere (Vereecken et al., 2007; Sur et al., 2013; Vereecken et al., 2014) . In arid desert environments, it also acts as a key factor limiting the growth of vegetation (Thornes, 1985) , and its dynamics largely control the spatial and temporal distribution of vegetation and the restoration and reconstruction of degenerated ecosystems (Berndtsson et al., 1996; Rodriguez-Iturbe et al., 1999) . Soil moisture, however, is highly variable in space and time across different scales, so characterising the behaviour of soil moisture can be challenging (Vereecken et al., 2007) .
The analysis of the temporal stability of soil moisture is receiving increasing interest. This concept was first introduced by Vachaud et al. (1985) and is a reflection of the temporal persistence of the spatial structure (Kachanoski and Jong, 1988) . This method can identify representative temporally stable locations that can predict the field-mean soil moisture over long periods and can thus help to optimise soil and water management and effective field monitoring (Martínez-Fernández and Ceballos, 2003) . Variable soil moisture at a location is due to the operation and interaction of underlying hydrological processes at different spatial scales, so the spatial variability of soil moisture is often a function of scale (Famiglietti et al., 2008) . Kachanoski and Jong (1988) thus extended the concept of temporal stability with an analysis of spatial coherence and indicated that the temporal stability was also strongly scale dependent. An adequate understanding of this scale dependence is the basis for the integration of information from different spatial scales (Western and Blöschl, 1999) and would be extremely beneficial for developing efficient and effective strategies of soil sampling for the validation of remote-sensing techniques and the application of some climate and hydrological models (Starks et al., 2003; Mittelbach and Seneviratne, 2012) .
The temporal stability of soil moisture has been determined for different purposes over a wide range of scales, from field and hillslope scales to watershed and regional scales. The characteristics of temporal stability, however, can vary greatly between scales. For example, Zhao et al. (2010) , Brocca et al. (2009) and Coppola et al. (2011) investigated the temporal stability of the spatial patterns of surface-soil moisture at field scales (225-8800 m 2 ) and found that the range of mean relative difference (MRD) (Eqs. (1) and (2))was low, generally 20-60%. Grayson and Western (1998) and Cosh et al. (2006) , however, reported that the ranges of MRD in 27 and 610 km 2 watersheds were approximately 95% and 170%, respectively. Bosch et al. (2006) reported that the range of MRD exceeded 200% in a 3750 km 2 coastal plain in the United
States. The range of MRD thus appears to increase with the size (hereafter, extent) of the study area. Conflicts and divergences, however, have also been reported. For example, Hu et al. (2010) observed that the range of MRD was over 170% in a small watershed (20 ha), whereas Brocca et al. (2012) found that the range of MRD was only approximately 50% in two larger watersheds (178 and 242 km 2 ). Contradictory results have also been reported for other characteristics of temporal stability, such as the standard deviation of relative difference (SDRD) (Eqs. (3) and (4)) and Spearman's rank correlation coefficient (r s ) (Eq. (5)). Obtaining a clear picture of the characteristics of temporal stability at different scales by simple comparisons of the achieved results is thus difficult, because various studies differ not only in sampling scales but also in environmental conditions, layout of the experiments, and measurement techniques (Vanderlinden et al., 2012) . These differences strongly hinder the application of the results to different scales. Systematic study of the effect of scale on the characteristics of temporal stability is thus necessary.
Given the importance of soil moisture in desert ecosystems, the characteristics of the temporal stability of soil moisture at one scale have been preliminarily studied in various desert regions, but little information is available for multiple scales. Whether the temporal stability can be maintained under increasing scale remains unknown. We thus measured surface-soil moisture in a 40 km 2 desert region on 13 occasions from April to October 2012. Re-sampling method was then employed with changing sampling scale (spacing and extent), and the characteristics of temporal stability for each scenario were determined. The objectives of this study were (1) to provide a better understanding of the variation in the characteristics of temporal stability with increasing sampling scales, (2) to test the accuracy of the field-mean moisture content estimated at each sampling scales by using the concept of temporal stability, and (3) to analyse the changes in contributions of topography and soil properties to the temporal stability with changing sampling scales. These objectives could provide a scientific basis for designing efficient sampling schemes, integrating information from different spatial scales, and allowing upscaling in hydrological models.
Materials and methods

Study area and data collection
The experiment was conducted in a desert area in the central reaches of the Heihe River Basin in Gansu Province in northwestern China (Fig. 1) . The topography is relatively flat, with an average elevation of ca. 1421 m a.s.l. The area is characterised by an arid desert climate, with a mean annual precipitation of 117 mm, temperature of 7.6°C, and pan evaporation of 2390 mm. Precipitation is highly variable throughout the year, with nearly 65% falling during July and September. The zonal soil has been classified as a gray-brown desert soil, and the soil texture is quite spatially heterogeneous, ranging from sand to clay. The vegetative cover is approximately 5-15%, and the main species are discontinuous sub-shrubs, such as Nitraria sphaerocarpa Maxim. and Reaumuria soongorica (Pall.) Maxim.
The study area is approximately 40 km 2 (8 km Â 5 km) (39°24 0 to 39°28 0 N and 100°08 0 to 100°11 0 E), bordered by a young oasis to the southwest, a remnant of the Qilian Mountains to the north, and an extension of the Badain Jaran Desert to the southeast (Fig. 1c) . Wooden stakes were set on a regular 500 m Â 500 m grid throughout the area at a total of 187 locations for measurements of soil moisture. Each location was positioned with a portable Garmin GPS receiver (with a resolution of 3 m). A Theta Probe (Type ML2x, Delta-T Devices, Cambridge, UK) was inserted vertically in the soil to measure the surface (0-6 cm) volumetric soil moisture content approximately every two weeks from 15 April to 15 October 2012, providing a spectrum of moisture conditions ranging from dry to wet. A total of 13 sampling campaigns were conducted. To reduce the possible influence of micro-scale variability, three replicate measurements were conducted within a radius of approximately 10 cm for each location and campaign. Detailed information on the calibration of the probe can be found in Zhang and Shao (2013) .
Disturbed and undisturbed soil samples were collected from the 0 to 6 cm soil layer at each location. The disturbed samples were used for measuring soil particle size distribution and soil organic carbon (SOC, g/kg) content. Soil particle sizes were evaluated using the Mastersizer2000 apparatus manufactured by Malvern, and SOC content was measured by using the potassium dichromate-wet combustion method (Nelson and Sommers, 1982) . The undisturbed samples were used for determining saturated hydraulic conductivity (Ks, mm/min), using the constant hydraulic head method (Klute and Dirksen 1986) , and determining soil bulk density, (BD, g/cm 3 ) and total porosity (TP, %), using the gravimetrical method.
Analysis of temporal stability
We evaluated the temporal stability of soil moisture by two statistical approaches. First, the temporal stability of individual locations was determined using an analysis of relative differences (Vachaud et al., 1985) . This approach compares the soil-moisture content at a particular location to the mean over the entire study area and determines if it is consistently higher or lower than the mean and the variability of this relationship. The relative difference, d ij , of the soil-moisture content, h ij , for each location i is calculated as:
where h j is the mean soil-moisture content over the entire area on sampling occasion j:
The MRD, d i , and SDRD, rðd i Þ, over the sampling period for each location are calculated by:
where M is the total number of sampling occasions. Locations with d i near zero can accurately estimate the field-mean moisture content, whereas locations with d i higher or lower than zero overor underestimate the field-mean moisture content, respectively. A lower rðd i Þ at a location indicates a greater tendency of that location of being temporally stable.
Second, the persistence of the location ranks over time was tested using the nonparametric Spearman's rank correlation (Vachaud et al., 1985) , which evaluated the persistence of the spatial patterns of soil moisture across the area. The nonparametric correlation coefficient is expressed as:
where R ij and R ij 0 are the ranks of the soil moisture at location i at times j and j 0 , respectively, and N is the number of locations. The closer r s is to 1, the higher the temporal stability of the spatial pattern of soil moisture across the study area.
Estimating field-mean moisture content
Locations characterised by a near-zero MRD and a low SDRD can be considered as representative locations (RLs) and can be directly used to estimate the field-mean moisture content (Vachaud et al., 1985) . Locations having a near-zero MRD, however, may not be temporally stable. The tradeoff between the two is difficult. Grayson and Western (1998) , though, demonstrated that temporally stable locations with non-zero MRDs could be used to represent the field mean when applied with a constant offset (d i ). In this approach, the field mean can be estimated by:
The root mean square error (RMSE) for assessing the offset estimates of the field mean at the RLs was calculated as:
where O i and P i are the observed and estimated field means, respectively. The closer the RMSE is to zero, the less error in the offset estimate. Blöschl and Sivapalan (1995) suggested that the sampling scale be termed as a scale triplet consisting of spacing, extent, and support. In field studies, the scale of the support is usually determined by the measurement technique and has little effect on the results. Support was thus not considered in the present study. We only varied the sampling extents and spacings and examined their effects on temporal stability. Western and Blöschl (1999) defined the scale in terms of the spacing, S, as the average spacing between the locations, and the scale in terms of the extent, E, as the square root of the area of the region. These parameters are expressed as:
Re-sampling method
where A is the area of the region and N is the number of locations.
A total of six sampling spacings and six sampling extents were established through a re-sampling method. For the spacing, different numbers of locations were drawn randomly from the full dataset to vary the average spacings. Assuming n locations are sampled, it can result in m realisations by using the random sampling without replacement method (Western and Blöschl, 1999) . The temporal stability is then analysed for each realisation, and the parameters of temporal stability at this spacing are estimated as the arithmetic average of the m realisations. For example, the first scenario used all locations (n = 187). For the next scenario, half of the number of locations (n = 93) was used, with m = 2 temporal stabilities being estimated and their parameters averaged, and so forth until a minimum value of n = 6 locations (Table 1) .
For the extent, the first scenario was also based on all locations. The region was then divided into two equal sub-regions, and the data from each sub-region were treated as one realisation. The temporal stabilities were analysed for each of these two realisations, and the parameters of temporal stability at this extent were estimated from the arithmetic averages of the parameters of the two realisations. In the next scenario, the two sub-regions were further subdivided into four sub-regions and so on, until the original region was divided into 32 sub-regions of equal area. In the last scenario, each sub-region contained only nine locations (Table 1) .
Results and discussion
3.1. Influence of sampling scale on the temporal stability of soil moisture at the field scale
The temporal persistence of the spatial pattern of soil moisture at the field scale was characterised using the Spearman's rank correlation test. The results for the various sampling scales are given Min., minimum; Max., maximum; SD, standard deviation; CV, coefficient of variation.
Means followed by the same letter are not significantly different (a = 0.05) at the various sampling spacings or extents using the least significant difference method.
in Table 1 , and the changes in r s with increasing sampling spacing and extent are shown in Fig. 2 . Both sampling spacing and extent had profound influence on the statistical assessments of r s (Table 1 and Fig. 2 ). The minimum value of r s decreased linearly (p < 0.01, Fig. 2a) , and maximum value increased linearly (p < 0.01, Fig. 2b ) as spacing increased. These trends were due to the high sensitivity of r s to the number of locations (Cosh et al., 2004 (Cosh et al., , 2008 , which decreased as spacing increased, increasing the chances of anomalous extreme values of r s to occur. Some studies have thus recommended using correlation coefficients instead of r s to assess the temporal stability of the spatial patterns of soil moisture (Cosh et al., 2004 (Cosh et al., , 2008 Ran et al., 2009 ). The decreasing rate of the minimum r s was greater than the increasing rate of the maximum, so the mean r s tended to decrease with increasing sampling spacing (Fig. 2c) , but it is not statistically significant (p = 0.07). Analyses of variance (ANOVAs) of r s indicated that spacing significantly influenced the mean r s (p < 0.05), but only a few spacings differed significantly (Table 1) . These results indicated that sampling spacing had little influence on the characteristics of temporal stability at the field scale. Properly increasing the spacing to reduce the number of locations for a given desert area would thus be advantageous when ascertaining the temporal stability of the spatial pattern of soil moisture over time.
Contrary to sampling spacing, the minimum value of r s increased (p < 0.01, Fig. 2f) , and the maximum value decreased (p < 0.05, Fig. 2g ) as extent increased, and could be well described as logarithmical functions. The mean r s significantly increased with increasing sampling extent (p < 0.01, Fig. 2h ), indicating a stronger temporal persistence in the spatial pattern of soil moisture in larger areas. The number of locations subsequently increases as extent increases, and if an individual location has an anomalous 
(e) (j) Fig. 2 . Changes in the minimum, maximum, mean, standard deviation (SD), and coefficient of variance (CV) of Spearman's correlation coefficient as a function of sampling spacing (a-e) and extent (f-j).
value, its change in rank will not affect the overall rank of the locations. This influence, however, was not uniform at the different scales. The negative power-function relationship between the mean and extent (Fig. 2h) indicated that the temporal stability was more easily affected by changes in extent in small areas than in large areas. The standard deviation (SD) and coefficient of variance (CV) of r s refers to the variation of r s with different time lags. As others (Schneider et al., 2008; Biswas and Si, 2011; Jia and Shao, 2013; Penna et al., 2013; Zhang and Shao, 2013) have suggested, the temporal stability of the spatial patterns of soil moisture has a time-associated drift, with higher rank correlations between sampling series close in time and decreasing with increasing time lags. The effect of time lags on the temporal patterns of soil moisture was evidently influenced by the spacing and extent, as shown in Fig. 2d , e and i and j. The variability of r s increased with an exponential function as spacing increased and decreased with a power-function as extent increased. These relationships implied that the patterns of soil moisture could persist longer in small spacings than in large spacings, and longer in large areas than in small areas.
3.2. Influence of sampling scale on the temporal stability of soil moisture at the location scale
The chance that a location with an extreme soil-moisture content is sampled will decrease as sampling spacing increases. The minimum MRD thus increased, and the maximum and range of MRD decreased as spacing increased (Table 1 and Fig. 3a-c) . The changes in these statistical parameters with sampling spacing could be best fitted with linear functions (p < 0.01). The maximum and range of MRD, however, could also be fitted well with exponential functions (p < 0.01, Fig. 3b and c) . Exponential functions may be more theoretically reasonable, because the maximum MRD will decrease uniformly with a linear function as spacing increases, and when the spacing increases to a certain value (about 3.54 km in this study), the maximum MRD will become negative, which is impossible. In contrast, the maximum MRD will decrease progressively slower with an exponential function as spacing increases to a rate close to zero. The maximum and range of MRD in this study were 21.4% and 42.2%, respectively, when the spacing increased to the maximum (ca. 4.47 km).
The minimum MRD decreased and the maximum and range of MRD increased as sampling extent increased (Table 1 and Fig. 3d-f) , indicating an increasing variability of soil moisture with increasing extent, in agreement with other studies (Mohanty and Skaggs, 2001; Martínez-Fernández and Ceballos, 2003; Brocca et al., 2009) . Since the factors influencing the variability of soil moisture are scale dependent, the sources of variability of soil moisture, such as parental material, topography, and climate, may become increasingly complex and heterogeneous as extent increases, thereby contributing to higher variability (Zhang and Shao, 2013) . For a specific study area, however, the factors influencing the variability of soil moisture cannot increase without limit, so the increasing trend of variability of soil moisture will be moderated and will gradually tend to become relatively stable when the extent increases to a certain level, as indicated by the power-function relationships between extent and the statistical parameters of MRD (p < 0.01, Fig. 3d-f) .
SDRD serves as an indicator of the temporal persistence of fluctuations of soil-moisture content between individual locations and the field mean. Locations with low SDRDs closely follow the temporal pattern of the field mean (Vachaud et al., 1985) . Increasing the sampling spacing increased the minimum SDRD but decreased the maximum and range of SDRD and the relationships between them, and the spacing had significant exponential functions (p < 0.01, Table 1 and Fig. 4a-d) . The decreasing rate of the maximum SDRD was much greater than the increasing rate of the minimum (Fig. 4a-b) , indicating that the maximum SDRD is more susceptible to changes in spacing than the minimum. This result may have been due to the positively skewed distribution of soil moisture in this region, i.e. dry locations outnumbered wet locations (Fig. 5) . As spacing increases, the proportions of dry locations would decrease less than the wet locations. Dry locations are more temporally stable in this desert region, i.e. have lower SDRDs (Zhang and Shao, 2013 ), so we observed a different response rate of the minimum and maximum SDRD to the increase in spacing. The mean SDRD decreased with increasing spacing (Fig. 4c ), which could be described with an exponential equation (p < 0.01). The ANOVAs, however, found no significant differences in mean SDRD between the various spacings (p > 0.05, Table 1 ). These results indicate, in agreement with Blöschl and Grayson (2000) and Molina et al. (2014) , that the increase in spacing does not affect the characteristics of temporal stability at the location scale, i.e. does not weaken the ability of individual locations to determine field-mean soil-moisture content. This finding also confirmed the Spearman's rank correlation test that the temporal stability of the spatial patterns of soil moisture did not change with the spacing.
As sampling extent increased, the minimum SDRD decreased and the maximum and range of SDRD increased (Table 1 and Fig. 4e-h) . The minimum SDRD, though, had a logarithmic relationship with extent, and both the maximum and range of SDRD had a power function with extent ( Fig. 4e-h ). These results can be attributed to the fact that both the more and less stable locations are gradually included as extent increases. The mean SDRD tended to increase with increasing extent, and this trend could be well fitted by a power function (Fig. 4g) . Increasing the extent may thus tend to decrease the temporal stability at the individual locations. As the extent increases, the factors influencing soil moisture may become increasingly complex and variable, leading to stronger fluctuations of soil-moisture content between individual locations and the field-mean moisture content over time.
SDRD was also characterised by testing its link to MRD at different spacings and extents to understand the relative temporal stabilities under dry or wet conditions. SDRD was positively correlated with MRD for all sampling scales (Fig. 6) , indicating a declining trend of temporal stability of soil moisture with increasing soil wetness. The magnitude of the positive correlation decreased linearly (p < 0.01, Fig. 6a ) as spacing increases, and increased logarithmically (p < 0.01, Fig. 6b ) as extent increases. These trends imply that the dependence of temporal stability on the conditions of soil wetness will increase as the spacing gets smaller or the extent gets larger.
Influence of sampling scale on the identification of representative locations
The main purpose of measuring temporal stability is to identify representative locations (RLs) for precisely estimating the field-mean moisture content. Zhang and Shao (2013) compared and evaluated different methods for representing the field mean and found that a low SDRD played a more important role than a near-zero MRD for estimating field means, and a low SDRD with a constant offset (Eq. (6)) was the best tool for estimating field means in this desert region. We therefore selected the sampling locations with SDRDs <10% as the RLs for each sampling scale.
The number of RLs generally decreased (Table 2 ) regardless of the increase in spacing or the decrease in extent, which were both mainly due to the gradually reduced sample size. With spacing, for example, the number of RLs decreased from 23 to 2 when the sample size fell from 187 to 6 (Table 2) . Because reductions in sample size cannot continue indefinitely, the rate of decrease in the number of RLs gradually slowed as spacing increased, and the decreasing trend could be described by a power function (p < 0.01), which was also applied to the extent, as shown in Fig. 7 . We further analysed the number of RLs at different spacings and extents to clarify the influence of sample size. The number of RLs were positively correlated with sample size with a power-function relationship for both spacing and extent (p < 0.01, Fig. 8 ). The rate of increase in the number of RLs with sample size was much higher for extent than for spacing within the ranges of this study (Fig. 7) . In other words, the number of RLs will increase more with decreasing spacing than with increasing extent for identical increases in sample size. These results imply that the number of RLs is more sensitive to changes in sample size caused by extent than to changes caused by spacing, which would have great significance for the design of sampling schemes.
To test the ability of the identified RLs to accurately represent the field mean, the measured soil-moisture contents at the RLs were first applied with a constant offset (Eq. (6)) to give the average field mean and were then compared with the observed field mean. The RMSEs are given in Table 2 . Estimates are accurate at RMSEs < 2% (Cosh et al., 2008) , and even though the number of identified RLs in our study varied with spacing and extent, all sets of selected RLs were able to accurately estimate the field mean (RMSE < 0.50% vol/vol) for the entire period by using the offset estimate method ( Table 2 ). The RLs were thus appropriate for estimating field mean with an acceptable degree of accuracy at any sampling scale. The RMSE, however, did not have a clear relationship with sampling scale in either spacing or extent, indicating that a change in sampling scale cannot weaken/intensify the ability of RLs to estimate the field mean. The measurement of soil-moisture content at many RLs is costly in time and money, so we further tested the ability of a single sampling location (the most temporally stable RL) to estimate the field mean. The RMSEs of the most stable RLs were low (0.23-0.50% vol/vol, Table 2 ), implying that a single sampling location could characterise the field mean. Compared to averaging all the RLs, using only the most temporally stable RL increased the RMSE considerably, in agreement with Schneider et al. (2008) . Soil moisture was not Fig. 9 . Changes in the correlation coefficients between mean relative difference and various properties (relative elevation, bulk density (BD), sand, silt and clay content, soil saturated hydraulic conductivity (Ks), total porosity (TP), and soil organic carbon content (SOC)) as a function of sampling spacing and extent. measured at exactly the same sites on different sampling dates, so the minimum RMSE that can be obtained with a single temporally stable location is restricted by the replication of the moisture measurements at each location (Schneider et al., 2008) .
3.4. Influence of sampling scale on the factors affecting the temporal stability of soil moisture
The contributions of topography and soil properties to the temporal stability were investigated by testing the correlation coefficients between MRD and SDRD versus the potentially associated properties, and the changes in the correlation coefficient with increasing sampling spacing and extent are shown in Figs. 9 and 10. The correlations between MRD and SDRD versus relative elevation, BD, soil texture (i.e., sand, silt and clay content), Ks, TP, and SOC content were not affected by changes in spacing, indicating that the role of these properties in influencing the temporal stability did not vary with spacings.
Like the spacing, increasing the sampling extent did not change the role of BD, soil texture, and TP in influencing the temporal stability, as shown by the nearly constant correlations between MRD and SDRD versus these properties over the complete range of scales (Figs. 9 and 10) . The relatively higher correlation with MRD and SDRD thus suggests that these soil properties are important in controlling temporal stability at all scales. In contrast, the correlations between MRD and SDRD versus other properties (relative elevation, Ks and SOC content) were affected by changes in extent. The magnitude of the correlations with relative elevation and SOC content significantly increased, and the correlation with Ks significantly decreased as extent increased (Figs. 9 and 10) . These results suggest that the relative significance of these properties in regulating the temporal stability may vary with extents. The relative elevation can be reasonably expected to influence the temporal stability in larger scales of extent because of the increasingly diverse and complex topography as extent increases. Moreover, the distribution of SOC content in this region is highly dependent on the mineralogical composition of the parental material and on the weathering processes that have led to its formation (Zhang and Shao, 2015) . As extent increases and parental material and climate become more heterogeneous, the influence of SOC content on temporal stability will become more significant. On the contrary, the influence of Ks on soil moisture is mainly through its impact on soil saturation and drainage (Gao and Shao, 2012) . It may significantly influence the temporal stability at a small scale of extent, but the influence may be weakened as extent increases.
Conclusions
Surface-soil (0-6 cm) moisture contents were measured from 15 April to 15 October 2012 roughly bi-weekly in a desert area in northwestern China. The effects of various sampling scales (spacing and extent) on the characteristics of temporal stability were examined using a re-sampling technique, and the following conclusions were drawn:
(1) The characteristics of the temporal stability of surface-soil moisture were generally strongly scale-dependent. Specifically, increasing sampling spacing had little influence on the characteristics of temporal stability of both the overall spatial pattern and the individual locations, whereas increasing sampling extent tended to increase the temporal stability of the overall spatial pattern but to decrease the temporal stability at the individual locations. Moreover, the temporal stability was susceptible to scale changes at lower extents. (2) The specific patterns of scale dependency differed among the parameters of temporal stability. But generally, an exponential equation could well express the relationships between most of the statistical parameters and spacing, whereas a power equation could well express the relationships between most of the statistical parameters and extent. (3) The number of RLs decreased as spacing increased or extent decreased due to the reduction in sample size, and the number of RLs was more sensitive to changes in sample size caused by extent than by those caused by spacing. (4) At any sampling scale, the field-mean moisture content could be estimated with an acceptable degree of accuracy by measurements at a limited number of locations (i.e. the RLs), even at a single location. The estimate accuracy was not affected by sampling scale. (5) Increasing the spacing did not change the influence of topography and soil properties (relative elevation, BD, soil texture, Ks, TP, and SOC content) on temporal stability, whereas increasing the extent tended to intensify the influence of relative elevation and SOC but to weaken the influence of Ks on temporal stability.
These findings are useful but are likely not universally applicable. Many more studies in a variety of regions and environments are needed to understand the scale dependence of temporal stability.
